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Abstracts

Slava Belavkin University of Nottingham

A representation theorem for noncommutative Itô algebras

Abstract Itô algebras will be defined, and conditions will be given under which every
such algebra is faithfully representable as a subalgebra of a Hudson–Parthasarathy-type
Itô algebra.

Alexander Belton Lancaster University

Multiplier cocycles and quantum Feynman–Kac formulae

Feynman–Kac formulae for a class of non-commutative elliptic operators were developed
by Lindsay and Sinha; this work was extended by Bahn and Park. Their results use
classical Brownian motion, so non-commutativity is confined to the operator algebra
which replaces the function space appearing in the classical Feynman–Kac formula.

Recently we have obtained fully non-commutative Feynman–Kac formulae by employing
quantum stochastic processes. We develop the theory of perturbing quantum stochastic
flows by multiplier cocycles, especially those governed by quantum stochastic differential
equations: this extends work by Evans and Hudson, by Das and Sinha and by Goswami,
Lindsay and Wills. We also show that every sufficiently regular multiplier cocycle is
governed by a quantum stochastic differential equation, whose coefficients are driven by
the unperturbed flow; this extends results of Bradshaw and of Lindsay and Wills.

(Joint work with Martin Lindsay and Adam Skalski)

Rajarama Bhat Indian Statistical Institute, Bangalore

Roots of states

Given a state φ on a unital C∗-algebra A, we look at unital quantum dynamical semi-
groups {τt}t>0 on A such that τt0(·) = φ(·)I for some t0 > 0. We see that for the
von Neumann algebra B(H), such quantum dynamical semigroups (with pure states)
dilate to semigroups of unital ∗-endomorphisms (E0-semigroups) in standard form and,
conversely, all E0-semigroups in standard form arise this way. I shall talk about a specific
problem in the context of the general theory.
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Tirthankar Bhattacharyya Indian Institute of Science, Bangalore

Operators with the symmetrised bidisc as a spectral set

Let Γ be the symmetrised bidisc. A pair (S,P ) of bounded operators having this set
as a spectral set has been called a Γ contraction. This talk will construct an explicit
dilation, find complete unitary invariants and point to future lines of research.

Jyotishman Bhowmick University of Oslo

Quantum groups of unitaries and quantum gauge groups

Motivated by the significance of the gauge group and the group of inner automorphisms
in the noncommutative-geometric approach to the standard model, we were led to in-
vestigate the notion of a quantum group of unitaries for a finite-dimensional C∗-algebra.
Using an intrinsic definition, we obtained Wang’s universal quantum groups Au(Q) as
the quantum group of unitaries. Using this, we get the compact-quantum-group version
of the gauge group of a finite spectral triple.

(Joint work with L. Dabrowski, F. D’Andrea and B. Das)

Arup Chattopadhyay J. Nehru Centre for Advanced Scientific Research

Koplienko trace formula for unbounded operators

Let H and H0 be two self-adjoint operators in H such that V = H −H0 ∈ B2(H) (the
Hilbert–Schmidt operators). Recently Gesztesy, Pushnitski and Simon proved that if H0

is bounded then there exists a unique function η ∈ L1(R) such that

Tr
[

Φ(H) − Φ(H0) −DΦ(H0)(V )
]

=

∫

∞

−∞

Φ
′′

(λ)η(λ) dλ

for a sufficiently large class of functions Φ (where DΦ(H0)(V ) denotes the Fréchet
derivative of Φ at H0 acting on V ). This is known as the Koplienko trace formula.
Here we extend the formula to the case where H0 is unbounded, by a method similar to
that used by Voiculescu, Sinha and Mohapatra in the proof of the Krein trace formula.

Biswarup Das Lancaster University

Quantum stochastic dilation of Markov semigroups on compact quantum groups

Let G be a compact quantum group of Kac type which contains the circle group as a
quantum subgroup. It will be shown that every Markov semigroup on G has a quantum
stochastic dilation of Hudson–Parthasarathy type.

(Joint work with Martin Lindsay)
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Uwe Franz Université de Franche-Comté, Besançon

Lévy processes on compact quantum groups and their symmetries

I shall discuss recent work on the construction of Lévy processes on compact quantum
groups. We are in particular interested in the properties of their Markov semigroups
and their Dirichlet forms.

(Joint work with Anna Kula and Fabio Cipriani)

Rolf Gohm Aberystwyth University

Weak Markov processes as linear systems

We continue earlier investigations about connections between multi-variable operator
theory and quantum stochastic processes by working within a suitable category of weak
Markov processes (in the sense of Bhat). This allows us to talk about subprocesses
and quotient processes and to define a certain product of processes which is in fact a
cascade of linear systems (in a generalised sense, that is, with non-commuting variables).
In this way we find a quantum stochastic interpretation of such cascades and we give
applications for observability and for stationary processes.

John Gough Aberystwyth University

Quantum feedback networks

We present some recent results on the series product and its surprising connection with
the Weyl CCR. The series product is an operation in the category of coefficients of
Hudson–Parthasarathy quantum stochastic differential equations. The relation with the
Lie–Trotter formula for quantum stochastic evolutions is highlighted.

We also outline the general quantum-feedback-network approach to modelling quantum
components driven by quantum input processes where there is a specified connection
architecture. This allows block-diagram design of quantum coherent feedback controllers,
and we outline a number of recent theoretical and experimental developments in this
direction.
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Mădălin Guţă University of Nottingham

Asymptotic inference in system identification for the atom maser

System identification is an integrant part of control theory and plays an increasing role in
quantum engineering. In the quantum set-up, system identification is usually equated to
process tomography, that is, estimating a channel by probing it repeatedly with different
input states. However for quantum dynamical systems like quantum Markov processes,
it is more natural to consider the estimation based on continuous measurements of the
output, with a given input which may be stationary. We address this problem using
asymptotic statistics tools, and apply the results to the estimating the Rabi frequency
of an atom maser. We show that the output of the Markov process is asymptotically
Gaussian, and give explicit expressions for the classical and quantum Fisher information
associated to it. These statistical notions can be expressed in terms of spectral properties
of certain deformed Markov generators and the connection to large deviations is briefly
discussed.

Robin Hudson Loughborough University

Quantum Lévy area as a quantum martingale limit

Lévy’s original definition of the area subtended by a planar Brownian motion preceded
discovery of Itô calculus and was as a martingale limit imitating Archimedes’ method
of exhaustion. Here we imitate this approach with the two component one-dimensional
Brownian motions replaced by the momentum and position Brownian motions of non-
Fock quantum stochastic calculus, which, though mutually non-commuting, are inde-
pendent in the sense of factorisation of characteristic functions. The martingale is
now with respect to a discrete filtration of embedded type-one factors. Though non-
commutative, there is enough residual commutativity to allow the martingale method
to work when combined with Lindsay’s characterisation of quantum Gaussian distribu-
tions.

Claus Köstler Aberystwyth University

Quantum coin tosses and their central limit theorems

We consider infinite quantum coin tosses in an operator-algebraic framework and address
recent progress on the identification of their central limit theorems.

Giovanni Landi Università di Trieste

Geometry of quantum projective spaces

We report on various aspects of the geometry of deformations of complex projective
spaces.
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Hans Maassen Radboud University, Nijmegen

Entanglement of completely symmetric quantum states

A state on n identical but distinguishable particles will be called completely symmetric
if it is invariant both for permutation of the particles and simultaneous unitary rotation
in their one-particle Hilbert spaces. We study the geometry of the set of completely
symmetric separable states.

Oliver Margetts Lancaster University

Quasifree martingales

A non-commutative Kunita–Watanabe-type representation theorem is established for
the martingales of quasifree states of CCR algebras. To this end the basic theory of
quasifree stochastic integrals is developed using the abstract Itô integral in symmetric
Fock space, whose interaction with the operators of Tomita–Takesaki theory we describe.
Our results extend earlier quasifree martingale-representation theorems in two ways: the
states are no longer assumed to be gauge invariant, and the multiplicity space may now
be infinite dimensional. The former involves systematic exploitation of Araki’s duality
theorem. The latter requires the development of a transpose operation on matrices of
unbounded operators, defying the lack of complete boundedness of transposes.

(Joint work with Martin Lindsay)

Gadadhar Misra Indian Institute of Science, Bangalore

Homogeneous operators

I will present a survey of recent results obtained jointly with A. Koranyi on classification
of homogeneous operators in the Cowen–Douglas class.

Bernhard Neukirchen Leibniz Universität Hannover

Continuous-time limit of repeated quantum observations

We present a construction for the dilation of a completely positive continuous-time evol-
ution, which is based on the approximate dilation of small time steps. The limit is an
inductive limit over the net of subdivisions of the underlying time interval with expli-
cit norm bounds. The outcome space (or dilation space) of the system is generated in
the same limit, and can be chosen equivalently as a kernel Hilbert space, or a Bose or
Fermi Fock space. The isometric dilation operators arising in this construction can be
understood as stochastic integrals in the Hudson–Parthasarathy approach.
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Sourav Pal Indian Institute of Science, Bangalore

A functional model and a complete unitary invariant of a Γ contraction

A pair of commuting bounded operators (S,P ) defined on a Hilbert space H, for which
the set

Γ =
{

(z1 + z2, z1z2) : |z1| 6 1, |z2| 6 1
}

⊆ C
2

is a spectral set, is called a Γ contraction in the literature. A Γ contraction (S,P ) is
said to be pure if P is a pure contraction, that is, (P ∗)n → 0 strongly as n → ∞. For
a contraction P and a bounded commutant S of P , we seek a solution of the operator
equation

S − S∗P = (I − P ∗P )1/2X(I − P ∗P )1/2,

where X is a bounded operator on Ran (I − P ∗P )1/2, with the numerical radius of X
being not greater than 1. We have a unique solution to such an equation when (S,P ) is
a Γ contraction. With the help of the fundamental operator we construct a Γ isometric
dilation for a pure Γ contraction which allows us to construct a functional model for a
pure Γ contraction. We also produce a complete unitary invariant for pure Γ contractions.

Volkher Scholz Eidgenössische Technische Hochschule Zürich

Tsirelson’s problem and Connes’ embedding problem

In quantum mechanics, the situation of two independent observers conducting measure-
ments on a joint quantum system is usually modelled using a Hilbert space of tensor-
product form, with each factor associated to one observer. Correspondingly, the operat-
ors describing the observables then act non-trivially on only one tensor factor. However,
the same situation can also be modelled by using just one joint Hilbert space, and re-
quiring that all pairs of operators associated to different observers commute, that is, are
jointly measurable without causing disturbance. The problem of Tsirelson is to decide
whether these two mathematical models give rise to the same set of probability distri-
butions. Put differently, does there exists a probability distribution between two parties
which can be represented using commuting sets of observables, but not by observables
of tensor-product form? We study Tsirelson’s problem from various perspectives and
elaborate on its connection to Connes’ embedding problem and QWEP von Neumann
algebras.

(Joint work with Marius Junge, Miguel Navascues, Carlos Palazuelos, David Peres-
Garcia and Reinhard Werner)
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Kalyan Sinha J. Nehru Centre for Advanced Scientific Research

Stochastic Trotter–Kato-type product formula

In an earlier paper we proved strong convergence of certain products of unitary quantum
stochastic evolutions to a unitary cocycle, when all of the coefficients are bounded. This
amounted to a quantum stochastic Lie–Trotter product formula. In this talk some
extensions will be given for unbounded coefficients.

(Joint work with Martin Lindsay)

Adam Skalski Institute of Mathematics, Polish Academy of Sciences

On some quantum symmetry groups related to liberations

We will present a new construction of quantum symmetry groups related to orthogonal
filtrations, inspired by the quantum isometry groups introduced by Debashish Goswami
and Jyotishman Bhowmick and discuss several examples related to liberations of classical
compact groups.

(Joint work with Teodor Banica)

Raman Srinivasan Chennai Mathematical Institute

Hilbert von Neumann modules

We introduce a way of regarding Hilbert von Neumann modules as spaces of operators
between Hilbert spaces and develop our version of “internal tensor products”, which we
refer to as Connes fusion. We discuss a few examples; in particular, we relate Jones’s
basic construction to the Stinespring dilation associated with a conditional expectation
onto a finite-index inclusion

Reinhard Werner Leibniz Universität Hannover

Index theory of quantum cellular automata

Unitary dynamics on a discrete-time or discrete-space system is subject to non-trivial
constraints, parameterised by a rational number, the index. For causal processes, given
in terms of their input-output transformation, the index is exactly the minimal dimension
of the memory required for a unitary implementation. For this case, an explicit theory
of how to implement the transformation results. Possible continuous analogues are
discussed.
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Stephen Wills University College Cork

Subordinate E-semigroups

Various equivalence relations and order-type relations on E-semigroups are considered,
including subordination. The subordinate E-semigroups of a fixed E-semigroup α are
in one-to-one correspondence with local projection-valued cocycles of α. In the case of
semigroups subordinate to the CCR flows these can be computed explicitly and handled
easily using quantum stochastic calculus.

Joachim Zacharias University of Nottingham

On topological versions of Rokhlin’s lemma

In 1948 V.A. Rokhlin showed that an aperiodic measure-preserving transformation on
Lebesgue space can be approximated by cyclic shifts; a result which is strikingly captured
by the construction of the Rokhlin tower of the transformation. We present topological
analogues of this result.

(Joint work with I. Hirshberg and W. Winter)

László Zsidó Università di Roma Tor Vergata

Non-commutative Wermer-type maximality theorems

By a classical result of John Wermer the disk algebra is maximal among all uniformly
closed proper subalgebras of the algebra of all continuous functions on the unit circle.
We extend this result to the setting of C∗-algebras by describing the cases in which the
“analytic subalgebra” associated to an one-parameter automorphism group is a maximal
proper closed subalgebra.

(Joint work with C. Peligrad)
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23. J. Martin Lindsay, Lancaster University

24. Hans Maassen, Radboud University, Nijmegen

25. Oliver Margetts, Lancaster University

26. Gadadhar Misra, IISc Bangalore

27. Mithun Mukherjee, Lancaster University

28. Bernhard Neukirchen, Leibniz Universität Hannover

29. Sourav Pal, IISc Bangalore

30. Subrata Shyam Roy, IISER Kolkata
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